What Does It Take to Evolve A Nitrogen-Fixing Endosymbiosis?
Plant rhizo- and phyllospheres are exposed to a plethora of nitrogen-fixing bacteria, providing opportunities for the establishment of symbiotic associations. Nitrogen-fixing endosymbioses are most profitable and have evolved more than ten times in the angiosperms. This suggests that the evolutionary trajectory towards endosymbiosis is not complex. Here, we argue that microbe-induced cell divisions are a prerequisite for the entrance of diazotrophic prokaryotes into living plant cells. For rhizobia and Frankia bacteria, this is achieved by adapting the readout of the common symbiosis signalling pathway, such that cell divisions are induced. The common symbiosis signalling pathway is conserved in the plant kingdom and is required to establish an endosymbiosis with mycorrhizal fungi. We also discuss the adaptations that may have occurred that allowed nitrogen-fixing root nodule endosymbiosis.